Noroviruses (NoV) have been identified as a major etiologic agent of acute gastroenteritis. Wastewater is considered the primary source of environmental contamination, and the NoV genome can be detected in surface waters considerable distances downstream from wastewater discharge (21, 22) and in groundwaters (6) . NoV outbreaks have been associated with the consumption of fecally contaminated recreational waters (8) and drinking waters (14, 15, 18) . Since human NoVs cannot be cultured (5) , detection relies mainly on molecular techniques. Based on the phylogenetic analysis of viral RNA-dependent RNA polymerase (RdRp) and the capsid protein gene sequences, five genogroups (GI to GV) are currently being recognized (26) , while a sixth genogroup has been suggested (16) . In humans, GI and GII are the most frequently detected genotypes. Our study compares two approaches to assess the presence of NoV genogroups in wastewaters, one using highly specific primers in real-time reverse transcription-PCR (RT-PCR) targeting the highly conserved ORF1-ORF2 junction and one using generic primers in a cloning/sequencing protocol targeting part of the RdRp gene located in ORF1.
During the winter season of 2008-2009, a total of 78 samples were collected at the inlet of three main wastewater treatment plants of Luxembourg (from Schifflange, 90,000 equivalent inhabitants [EI] ; from Pétange, 50,000 EI; and from Beggen, 300,000 EI). One hundred milliliters of wastewater was clarified by slow centrifugation (3,000 ϫ g; 15 min). The supernatant was ultracentrifuged at 100,000 ϫ g for 1 h 30, and the pellet was resuspended in 2 ml of Milli-Q water containing 0.01% of Tween 80. Viral RNA was extracted from 140 l of concentrate using a QIAamp viral RNA minikit (Qiagen, Germany). A competitive internal RNA control (IC) was added at the end of the lysis step to assess the efficiency of both the extraction (excluding the lysis step) and the detection procedures, including the presence of real-time RT-PCR inhibitors (21) . The IC was reverse transcribed and amplified using the same primers as the NoV GII assay. During amplification, the internal control was distinguished from NoV GII genomes by using a specific TaqMan probe (21) . Five microliters of undiluted and 10ϫ-diluted extracted RNA was analyzed for NoV GI and GII by real-time TaqMan one-step RT-PCR, targeting the ORF1-ORF2 junction and using the specific primers/ probes JJV1NF, JJV1R, JJV1P, and RING-1b for GI and JJV2F, COG2R, and RING2-TP for GII (9, 10, 13, 21) . Concentrations of the IC RNAs and NoV were determined independently for each extract, and no correction was applied (21) . IC RNAs were detected in 76 (97%) undiluted and in all 78 (100%) diluted samples. According to the criteria of da Silva et al. (4), extraction and real-time RT-PCR efficiencies were considered "good" (IC recovery rate Ͼ 10%) in 62% of undiluted concentrates and in 97% of the diluted concentrates, suggesting that residual inhibitors could be partially overcome by dilution. NoV GI and GII were detected in 34 and 76 out of 78 samples, respectively. The overall concentrations differed significantly between undiluted samples positive for GI or GII (3.0 versus 4.5 log PCR detection units per 100 ml [PDU ⅐ 100 ml Ϫ1 ]; t test; P Ͻ 0.001). There was no statistically significant difference between NoV GI and GII concentrations between treatment plants (one-way analysis of variance [ANOVA]; P ϭ 0.65 for GI and P ϭ 0.28 for GII), but concentrations were found to differ significantly throughout the study period for GII (one-way ANOVA; P Ͻ 0.001) and to a lesser extent also for GI (one-way ANOVA; P ϭ 0.017) (Fig. 1) . The higher concentration of NoV GII than of GI, particularly during January-February, is most likely due to the synchronous high incidences of documented GII infections/outbreaks in the catchment population of the treatment plants (12) and/or higher viral loads of NoV GII in stool samples (3, 19) .
Five microliters of extracted RNA was amplified using the generic primers JV12y-JV13i targeting the RNA polymerase gene (25) . RT-PCR products of appropriate size (327 bp) were purified (QIAquick PCR purification kit; Qiagen, Germany) and cloned into a plasmid vector using a Qiagen PCR cloning kit (Qiagen, Germany) according to the manufacturer's instructions. For each sample, between 5 and 10 colonies were selected for PCR, cloning, and sequencing. Isolated white colonies were picked up into 45 l of DNase/RNase-free water and heated to 95°C for 5 min under agitation (400 rpm). After 1 min of centrifugation at 20,000 ϫ g, the supernatant was tested by PCR using specific plasmid M13 forward and reverse primers. Amplified DNA was sequenced using a BigDye Terminator cycle sequencing ready reaction Kit (PE Applied Biosystems, Foster City, CA) and an ABI Prism 3130 genetic analyzer. A total of 393 clones were successfully sequenced, revealing 171 NoV variants. A neighbor-joining tree constructed with MEGA4 software from an alignment of 285 nucleotides of the partial RdRp gene indicated 8 distinct clusters supported by bootstrap values of Ͼ80% (Fig. 2) . In each cluster, NoV genotypes were identified by comparison to the QuickTyping database. NoV GII.4 and GII.2 M represented 71.2% and 15.5% of all clones, respectively. Only 3 of 393 clones (0.8%), corresponding to 2 samples, were identified as GI. NoV diversities were similar in Pétange and Beggen, while neither GI nor GII.c could be detected in Schifflange (Table 1) . The percentage of NoV GII.4 increased from October to February and decreased from February to June, while NoV GII.2 M showed the opposite pattern (Fig. 3) . NoV GIV was detected from January to March, confirming its circulation in the water environment (11) . Distinct viral sequences were recovered from the same sample, indicating the cocirculation of multiple NoV strains in the population. Similar observations have been reported before (1, 24) , confirming that direct se- quencing is likely to underestimate the diversity of NoV contained in wastewaters. GII.4 was identified in 71 samples out of 78 (91%) and represents the predominant lineage, which is consistent with previous studies (1, 7) . The recovery of a low number of GI clones compared to real-time RT-PCR results (2 versus 34 out of 78 samples) could be explained by a higher concentration of NoV GII than of GI (average of 1.5 log PDU ⅐ 100 ml Ϫ1 , equivalent to a 30-fold difference). Specific primers targeting the ORF1-ORF2 junction were used for real-time RT-PCR while generic primers (JV12y-JV13i) targeting the RdRp gene in ORF1 (region A) were used for sequencing, as recommended for improved detection of NoV GI (20, 24, 25) . Initial differences in concentrations combined with variability of primer affinity could lead to an underestimation of NoV GI in wastewaters. Also, it cannot be excluded that part of the NoV identified as GI when targeting the ORF1-ORF2 junction clusters with GII when the RdRp gene in ORF1 is considered, since recombination of NoVs is common (2) . Despite saving material and time, our work clearly shows the limitations of using generic primers to determine NoV strain diversity. This limitation may be overcome by using more specific sets of primers, by increasing the number of clones, or by using "next-generation" sequencing techniques (17) . Samples of particular interest can be stored at Ϫ80°C and tested retrospectively when updated protocols become available (23) .
Nucleotide sequence accession numbers. The NoV sequence data can be found in GenBank under accession numbers FR668938 to FR669108.
